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ABSTRACT

OBJECTIVE

The primary objective of this research program is to develop attrition resistant catalysts that
exhibit high activities for conversion of coal derived syngas (H,/CO ratio of ~ 0.7). The specific
objectiveisto develop novel catalysts for synthesis of clean diesel fuels from coal.

ACCOMPLISHMENTSTO DATE

We have continued our work on the characterization of Fe Fischer-Trospch catalysts using x-ray
diffraction, Mossbauer spectroscopy and Transmission Electron Microscopy that was initiated in
our previous UCR grant. Our results have been summarized in presentations at the International
Conference on Electron Microscopy, at the Natural Gas Conversion meeting and the ACS
symposium on syngas conversion. Our major finding is that the active state of an Fe Fischer-
Tropsch catalyst involves highly dispersed iron carbide particles. However, a Fe catalyst
pretreated in CO and converted to iron carbide is not in its most active state. During reaction
conditions at high pressure, we see a phase transformation that causes a breakup of the initially
formed carbide particles into nanosized particles. These nanosized particles have a high surface
areathat leads to enhanced activity for Fischer-Tropsch synthesis. These findings have major
implications for the design of attrition resistant Fe catalysts for F-T synthesis. It is not sufficient
to create a catalyst that is strong initially in its spray dried form, but we need one that can



accommodate the chemical attrition that accompanies phase transformations under synthesis
conditions. Consequently, our efforts are directed at novel catalyst morphol ogies with a porous
structure that provides access to the nano-sized carbide particles but at the same time prevents
the transport of these carbide particles into the Fischer-Tropsch slurry reaction products. We
have also examined the attrition resistance of catalysts previously prepared by Prof. Bukur at
TAMU that have been shown to be very active and selective for the production of coal-derived
syngas. Our initial tests show that these catalysts may possess adequate attrition resistance, but
their irregular particle sizes and shapes may not be desirable for a slurry reactor due to posible
unfavorable hydrodynamics. Our SEM analysis also shows that many of the commonly
available catalyst supports may not possess the desired spherical particle morphology.

During the past year, Prof. Bukur and his student at Texas A& M have initiated runs on the F-T
synthesis reactor so that realistic reactor tests of the catalysts synthesized in this research
program can be performed. Prof. Bartholomew and his student at BY U have initiated work on
Mossbauer synthesis that will complement the characterization at UNM for the study of phase
evolution of the F-T catalysts that are synthesized in this effort.

SIGNIFICANCE TO FOSSIL ENERGY PROGRAMS

The Fischer-Trospch synthesis represents a viable approach to convert natural gas and coal into
liquid fuels. Most current interest in thisfield is directed at natural gas conversion and the
catalyst of choice appearsto be Cobalt based. However, Fe catalysts have several advantages,
they are cheap, can tolerate a wide range of H,:CO ratios and they provide high reactivities. The
disadvantage is that the high iron loadings make these catalysts friable and attrition that takes
place during their use in a slurry bubble column reactor make product wax separation very
difficult. Hence, the synthesis of novel attrition resistant catalysts is very important for further
development of alternative fuel sources to meet our nation's transportation needs.

PLANSFOR THE COMING YEAR

Continue synthesis of novel attrition resistant catalysts at the bench scale

Commence testing of the most promising catalysts in fixed bed reactors

Perform ssimulated slurry bubble column runs to establish attrition behavior

Continue characterization studies to improve understanding of support and promoter effects
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